as a function of the distribution of Ce 3+ cations around the vacancy. We found that the adsorption energy decreases in magnitude with decreasing distance from O vac to the Pt 2+ site.
With respect to the experimental cohesive energy of the bulk Pt (-5.85 eV), S1 the formation of the oxygen vacancies in the positions +10 and +5 do not have a significant impact on stability of Pt 2+ . Only when an O vac is created inside the O 4 nanopocket (position +2) the adsorbed atomic Pt is calculated to be less stable than in the Pt bulk (E ad = -4.99 eV). However, the energy of the vacancy formation in the position +2 is by 1.2 and 0.6 eV higher in comparison to these calculated for the positions +10 and +5, respectively. Since the energy value of the vacancy formation is decreasing with increasing distance from the Pt 2+ site, we assume that the oxygen vacancies will be first formed far from the Pt 2+ site and they will not have a significant impact on the stability of Pt 2+ .
The threshold concentration of oxygen vacancies and the role of the Pt 2+
In the next step we investigated the stability of Pt 2+ as a function of O vac concentration. We employed the 4Pt-Ce 40 O 80 model that accommodated four Pt 2+ sites ( Figure S2 ). The obtained results are summarized in Table S2 . We found that formation of one O vac per each Pt 2+ site exhibits a similar trend with respect to the distance from the Pt 2+ site as on the Pt-Ce 40 O 80 models. However, formation of four oxygen vacancies in the positions (4, 21, -5, -20) Figure S1 ), respectively. Figure S2 ), respectively. 
Experimental estimation of the threshold concentration ratio between the number of oxygen vacancies and Pt 2+ ions.
Upon reverse spillover of oxygen from Pt-CeO 2 substrate onto Pt particle followed by the clean- 
These Ce 4+ centers may again be reduced by formation of oxygen vacancies according to equation (1).
As a result we can estimate the number of oxygen vacancies N vac as:
where N(Ce 3+ ) is the increase in the concentration of Ce 3+ sites upon annealing and N(Pt 2+ ) is the corresponding loss in the Pt 2+ concentration (the number of Pt 2+ reduced to Pt 0 ). The corresponding calculations are summarized in Table S3 .
In order to estimate the threshold ratio between the number of oxygen vacancies and the number of reduced Pt 2+ species we consider two scenarios: (i) non-homogeneous and (ii) homogeneous distribution of oxygen vacancies on the surface of Pt-CeO 2 .
In case of non-homogeneous distribution (i) oxygen vacancies will initially form along the perimeter of Pt particles. Upon annealing to higher temperatures, the reduced area will expand radially around the Pt particles. The corresponding situation is schematically depicted in the Figure S3 .
We assume that all Pt 2+ species inside the reduced areas ( Figure S3 , light grey) will be reduced once the threshold concentration of oxygen vacancies is reached. Thus, the threshold ratio between the number of oxygen vacancies and the number of reduced Pt 2+ can be calculated as N vac /N(Pt 2+ ) (see Table S3 , green). We note that near the onset of Pt 2+ reduction (450-500 K), the value of 1.5 is obtained which is in a good agreement with theoretically predicted value of 2. It must be noted that N vac /N(Pt 2+ ) ratio could be overestimated if the reduction yields a number of oxygen vacancies above the threshold or if the density of oxygen vacancies in the reduced areas (light grey, Figure S3 ) has a pronounced gradient with respect to the distance from the Pt particle.
In case of a homogeneous distribution (ii), oxygen vacancies will distribute uniformly across the whole surface. Once the threshold concentration of oxygen vacancies is reached, all Pt 2+ ions will be reduced instantaneously in a step-like fashion. The region of the steepest decrease of Pt 2+ signal on 15% Pt-CeO 2 occurs at 550 K (Figure 2b ). This means that the threshold concentration of oxygen vacancies is reached at this temperature. The threshold ratio can be calculated at this point as a ratio of the total number of Pt 2+ present in the film before reduction (350 K, see Table   S3 ) and the number of oxygen vacancies at 550 K. Our calculations yielded value of 0.8. It must be noted, however, that this number is most likely underestimated as a result of not fully uniform distribution of oxygen vacancies at the surface. 
